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(54) Title: SENSOR TRANSPORT SYSTEM FOR FLASH BUTT WELDER 
(57) Abstract 



An automated sensor trans* 
port system for non-destructive 
inspection of a weld through the 
use of ultrasonic waves produced 
by an electromagnetic acoustic 
transducer (EMAT). The system 
includes: a computer control 
unit (31), a transport apparatus 
(32) having a first EMAT (24) 
for producing an ultrasonic SH 
shear wave and a second EMAT 
(26) for receiving an ultrasonic 
SH shear wave reflected from a 
weld (22) and a calibration means 
(32) and a data acquisition unit, 
coordinates the weld test with 
completion of the weld. An edge 
detection sensor (35), which is 
affixed to the transport apparatus 
(32) is used to automatically 
position the transport apparatus 
(32) for a weld scan and to signal 
completion of the scan. The 
system includes an electrostatic 
shield (63) to protect the second 
EMAT (26) from electromagnetic 
and radio frequency interference. 
Other new and improved 
electronic features permit the 
computer control unit (31) to be 
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Unit 



To Welding 
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remotely located from the transport apparatus (32) and the welding apparatus. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT, 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senega] 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


Fl 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











WO 96/02831 



-1- 



PCT/US95/04232 



SENSOR TRANSPORT SYSTEM FOR FLASH BUTT WELDER 



10 



R^^ir ^ROTMD OF THE IN VENTION 

1. FIELD OF THE INVENTION 

The present invention relates in general to an automated 
system for non-destructive inspection of a weld through the 
use of ultrasonic waves, and specifically, to a sensor 
transport system for a combination flash butt welder. 

2. ngfiCRIPTION OF THE RELATED ART 
A variety of industries use sheet metal which is produced 

typically at a factory from ingots processed by a rolling 
mill. Ingots are heated and rolled by the mill into a long 
flat sheet which is then wound into a coil at the end of the 
mill. Thereafter, the coil is removed from the mill and 
shipped to other sections of the factory where further 
treatment processes are performed. To make these other 
15 processes have fewer interruptions, the coil is unrolled and 
joined at one of its ends to the end of another coil by an 
electric resistance weld which generally is in the form of a 
butt weld. Any number of coils may be welded together in such 
fashion, depending on the desired length of process run. Weld 
defects, however, can cause a weld to break during a process 
run, resulting in costly equipment damage, production delays 

and wasted material. 

In order to identify and remedy weld defects before they 
can cause breaks and consequential production problems, non- 
destructive testing of the welds can be performed. An 
inspection device is known that uses ultrasonic waves to non- 
destructive^ test the welds shortly after they have been 
made. The device employs Electromagnetic Acoustic Transducers 
(EMAT) which are arranged to transmit and receive what are 
known to be SH shear waves. The SH shear waves are launched 
by a transmitter meander coil EMAT, and the waves travel 
through the sheet metal to the weld where they are reflected 
back through the sheet metal and are received by a separate 
receiver meander coil EMAT located near the transmitter. 
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During this non-destructive test, the reflected wave produces 
an electrical signal in the receiver coil, which is monitored 
while both the transmitter coil and the receiver coil are 
scanned close to the surface of the sheet metal, parallel to 
5 the weld line, and over the full width of the sheet metal. 
During the scanning, the amplitude of the signal produced in 
the receiver coil is measured and used to indicate the quality 
of the weld. 

The known device is retrofitted into a flash butt welding 

10 machine on a production line, and a motorized transport 
apparatus into which the transmitter and receiver coils are 
mounted is used to 'carry out each weld scan. Unlike the 
present invention, operation of the known device requires 
full-time control by a human operator, who, through the 

15 manipulation of push buttons, moves and positions the 
transport apparatus with the transmitter and receiver coils 
onto and across the sheet metal surface subsequent to the 
making of each weld by the welding machine. Results of the 
test, i.e., the measured amplitude of the receiver coil 

20 signal, are recorded on a device such as a strip chart 
recorder and are monitored by the human operator. 

References of interest are U.S. Patent No. 4,295,214 to 
Thompson, which discloses an Ultrasonic Shear Wave Transducer, 
and D.T. MacLauchlan, G.A. Alers and J.J. Jackson, "Detection 

25 and Measurement of Defects in Butt Welds", Review Of Progress 
In Quantitative Nondestructive Evaluation , 1989, p. 1039. 

SUMMARY OF THE INVENTION 

It is a general object of this invention to provide a new 
30 and improved sensor transport system for non-destructive 
inspection of butt-type welds through the use of ultrasonic SH 
shear waves. The present invention has among its principal 
novel features the ability to automatically sense the 
completion of the welding process, immediately thereafter 
35 position a transport apparatus containing EMAT transmitter 
and receiver coils near the weld, scan the weld, receive and 
monitor the electrical signal produced in the receiver coil by 
the reflected SH shear wave, and indicate the presence of a 
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defect in the weld. 

Certain advantages over the known manually operated 
ultrasonic device are afforded by the present invention. The 
advantages include significantly improved performance, 
5 reliability and efficiency of the butt welding process and 
elimination of the need for an inspection device operator. 

The remaining portion of this summary will point out 
further advantages to be derived from the present invention. 
A number of additional objects of the invention will also be 
10 stated. 

It is an object of the present invention to automatically 
control the operation of the transport apparatus and to 
coordinate the occurrence of the welding operation and the 
weld inspection process. The present invention, which will be 

15 situated downstream of the welding apparatus, makes use of a 
computer control unit which is instrumental in providing 
automated control of the transport apparatus. The computer 
control unit has an electrical interface with the controller 
of the welding apparatus, as well as, with the transport 

20 apparatus and a data acquistion device. The interface to the 
controller of the welding apparatus is used to coordinate the 
sequence by which the inspection process is actuated. At the 
conclusion of each weld, signals are received by the computer 
control unit from the welding apparatus. These signals are 

25 used to coordinate the non-destructive test process with a 
terminal step in the welding process, known as the flash 
removal step, where excess weld metal is trimmed from the just 
completed weld. An advantage gained by coordinating the weld 
test and the flash removal step is minimization of the amount 

30 of time added by the testing process to the overall cycle 
time, i.e., the time that elapses between commencement of the 
welding operation and completion of the non-destructive test. 
In addition, the signals are employed to interlock welder and 
inspection processes to ensure adequate safeguards for 

35 equipment and material. Lastly, the use of the computer 
control unit and its integration with the welder controller 
eliminates the need for a human operator and thereby replaces 
the current art method of push button control, which requires 
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full time operator attendance, is less time efficient and is 
error prone . 

It is a further object of the present invention to 
provide a transport apparatus which has versatility of 
5 movement and which is capable of disclosing the location of 
any defect sensed along the weld. The transport apparatus 
employed by the present invention provides two-axis 
positioning of the EMAT transmitter and receiver coils. The 
transport apparatus enables inspection scanning of the sheet 
10 metal surface and safe positioning of the EMAT coils during 
non- inspection periods. In order to allow for variation in 
sheet metal thickness and to permit smooth riding of the EMAT 
coils on the sheet metal surface, even with surface 
irregularities, the transport apparatus is permitted to move 
15 in a direction generally perpendicular to the sheet metal 
surface at the same time that the metal surface is scanned. 
Real-time positional feedback is provided by the transport 
apparatus. The positional feedback is used to relate weld 
quality data to actual position along the weld. 
20 The present invention also utilizes a flat, plate-like, 

metal calibration station which provides on-line checkout and 
adjustment of EMAT coils without adversely impacting 
production operations. 

An edge detection sensor is affixed to the transport 
25 apparatus. The edge detection sensor, which is in electrical 
communication with the computer control unit, produces 
electrical signals which are used to position the EMAT coils 
onto the sheet metal surface at one of the sheet's edges. The 
sensor is also used to detect when the weld scan is complete 
30 by sensing the other of the sheet's edges. The edge detection 
sensor thus enables the present invention to automatically 
adapt to variations in the sheet metal width and position. 
Additionally, the edge detection sensor significantly improves 
collection of critical weld data at the extreme edges of a 
3 5 weld. Under prior art, the data collected from a weld is 
dependent on less reliable visual methods. 

It is a further object of the present invention to 
safeguard the EMAT receiver coil from the effects of certain 
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undesirable electrical interference. Unlike the prior art 
inspection device, the present invention includes an 
electrostatic shield which acts as a barrier to protect the 
EMAT receiver coil from Electromagnetic Interference and Radio 
5 Frequency Interference (EMI/RFI) which have been shown to pose 
significant problems in using EMAT instrumentation in an 
industrial environment where welders, grinders and other 
manufacturing equipment can generate deleterious electrical 
interference. The electrostatic shield significantly improves 
10 the performance and reliability of non- destructive testing of 
butt welds by reducing unwanted interference and by increasing 
test sensitivity. 

An improved diode expander for the EMAT transmitter coil 
electronics is also part of the present invention. A plurality 
15 of pairs of fast switching diodes, which are part of a 
transmitter matching network, are placed back to back and then 
combined in parallel and in series to form a diode network 
which couples the transmitter pulses with very little loss and 
which blocks any low level spurious noise from the transmitter 
20 circuitry when the transmitter is off. This allows the EMAT 
receiver coil to receive incoming signals without interference 
from noise generated by the transmitter coil circuitry. 

The present invention also employs a novel, remote 
preamplifier and an impedance matching circuit which enable 
25 the EMAT coils to be operated at distances greater than 100 
feet from the computer control unit and other electronic 
instrumentation which might be used along with the invention. 
The remote preamplifier and impedance matching circuit 
decrease RF power losses in cables and minimize the impedance 
30 mismatch between the RF power amplifier and the EMAT coil for 
a variety of cable lengths. The preamplifier increases most 
signal responses to levels that are much greater than EMI 
signals that might enter the system through the receiver 
cables. Any EMI attributed to long cable length is negligible 
35 when compared to signals received from the EMAT receiver coil. 
The preamplifier has circuitry which has been designed in a 
package that is small enough to be attached to the EMAT with 
relatively little increase in total EMAT size and weight. The 
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present invention thus enhances the utility and versatility of 
the known pulsed magnet inspection system. 

Also part of the present invention, is a new magnet 
pulser/switching circuit which generates high current pulses 
5 necessary to charge pulsed magnets. 

The various features of novelty which characterize the 
present invention are pointed out with particularity in the 
claims annexed to and forming a part of this disclosure. For 
a better understanding of the present invention, its operation 
10 advantages and specific objects attained by its uses, 
reference is made to the accompanying drawings and descriptive 
matter in which the preferred embodiment of the invention is 
illustrated. 



15 BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a schematic illustration displaying, in cross 
section, end portions of two sheet metal coils, 
joined by a butt weld and EMAT transmitter and 

20 receiver coils positioned near the weld, along with 

a one -dimensional path of travel of transmitted and 
reflected ultrasonic waves within the sheet metal. 
FIG. 2 is an illustration of the present invention, 
pointing out the principal components thereof. 

25 Fig. 3 is a schematic drawing of the electronics employed 
with the EMAT transmitter and receiver coil of the 
present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 The present invention permits automated inspection of 

butt welds typically employed to join the ends of two sheet 
metal coils. A typical sheet metal production and treatment 
line on which the present invention may be utilized is 
comprised of a rolling mill, a plurality of roughing stands, 

3 5 a plurality of finishing stands, a first shearing apparatus, 
a welding apparatus, a temper mill, a pickling apparatus, a 
water rinse apparatus, a drying apparatus, a second shearing 
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apparatus, a side splitter apparatus and a tandem cold mill. 
Frequently, a long flat sheet of metal produced by the rolling 
mill will be wound into a coil after passing through the 
finishing stands. The coil will then be transported to the 
5 first shearing apparatus located at another section of the 
factory and the end of that coil will be joined at the welding 
apparatus to the trailing end of another earlier transported 
coil which, for the most part, has already passed through a 
number of processing and treatment stations downstream of the 
10 welding apparatus. The location where the non-destructive 
weld test is made lies between the welding apparatus and the 
temper mill. 

Fig. 1 provides a cross sectional visualization of end 
portions (20) of two sheet metal coils, which are connected 

15 by a butt weld (22) made by the welding apparatus. Also shown 
in Fig. 1, are an EMAT transmitter coil (24) and an EMAT 
receiver coil (26), both of which are positioned just 
downstream of the butt weld (22) on a surface of the end 
portion (20) of one of the sheet metal coils. EMAT 

20 transmitter coil (24) produces an ultrasonic SH shear wave 
(28) which travels through end portion (20) toward butt weld 
(22) where a fraction of the SH shear wave (28) passes through 
the butt weld (22) and a fraction of the wave passes back 
through the end portion (20) and toward the EMAT receiver coil 

25 (26) as a reflected wave (29) . 

Fig. 2 illustrates the fundamental components of the 
present invention. The present invention has a computer 
control unit (31) which is in electrical communication with 
the welding apparatus, an L- shaped transport apparatus (32) 

30 and a data acquisition unit (62), shown in Fig. 3. A first 
cable (33) provides the electrical connection between the 
computer control unit (31) and the welding apparatus. A 
second cable (34) electrically connects the computer control 
unit (31) to the transport apparatus (32) . A third cable (3 7) 

35 links the computer control unit to the data acquisition unit 
(62). The transport apparatus (32), which is positioned just 
down stream of the butt weld (22), has housed within one of 
its ends the EMAT transmitter coil (24) and the EMAT receiver 
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coil (26) . An edge detection sensor (35) is affixed to the 
transport apparatus in proximity of the EMAT transmitter coil 
(24) . The edge detection sensor (35) , which is in electrical 
communication with the computer control unit (31) , is used to 
5 position the EMAT coils (24) and (26) at an edge of the end 
portion (20) of one of the sheet metal coils and to detect 
when the weld scan is complete. 

Also shown in Fig. 2, is a flat, plate-like metal 
calibration station (36) which is used with the transport 

10 apparatus (32) to provide on-line checkout and adjustment of 
the EMAT transmitter coil (24) and the EMAT receiver coil (26) 
as well as other system electronics. 

Fig. 3 provides a schematic illustration of the 
electronics employed with the EMAT transmitter coil (24) and 

15 the EMAT receiver coil (26) . The electronics (50) include a 
power supply (51) , a transmitter drive waveform generator 
(52) , a programmable filter/gain module (53) , a control bus 
computer interface (54), a first magnet pulser (55), a second 
magnet pulser (56) f a gated power amp (57) , a pre-amp (58) , a 

20 transmitter matching network (59) f a first magnet (60) , and a 
second magnet (61) and an electrostatic shield (63) . The 
power supply (51) provides electric current to the first 
magnet pulser (55) and to the second magnet pulser (56) . The 
first magnet pulser (55) is connected to first magnet (60) , 

25 and the second magnet pulser (56) is linked to second magnet 
(61) . First magnet pulser (55) and second magnet pulser (56) 
generate high current pulses which are employed to charge 
first magnet (60) and second magnet (61) , respectively. 

The transmitter drive waveform generator (52) is linked 

30 electrically to the second magnet pulser (56) , the gated power 
amp (57) , the programmable filter/gain module (53) , and a data 
acquisition unit (62) . To the transmitter wave form generator 
(52) from the data acquisition unit (62) , a sync pulse and a 
transmitter trigger are provided. From the transmitter wave 

35 form generator (52) , a magnet drive pulse is provided to the 
second magnet pulser (56) , a tone burst is provided to the 
gated power amp (57) and a gain shift is supplied to the 
programmable filter/gain module (53) . 



SUBSTITUTE SHEET (RULE 26) 



WO 96/02831 PCT/US95/04232 

-9- 

In addition to being linked to the transmitter drive 
waveform generator (52) , the programmable filter/gain module 
(53) is in electrical , communication with the data acquisition 
unit (62), the pre-amp (58) and the control bus computer 
5 interface (54) . To the programmable filter/gain module (53) , 
a control bus is provided from the control bus computer 
interface (54) . A RF output is supplied from the programmable 
filter/gain module (53) to the data acquisition unit (62) . 

The control bus computer interface (54) , in addition to 

10 having an electrical connection with the programmable 
filter/gain module (53) , has an electrical link to the data 
acquisition unit (€2) . Welding process parameters which have 
been stored on the data acquisition unit (62) are provided to 
the control bus computer interface (54) . 

15 The gated power amp (57) is joined to the transmitter 

matching network (59) which is in turn linked to the EMAT 
transmitter coil (24) . 

The pre-amp (58) is in electrical communication with the 
EMAT receiver coil (26) which is located within an 

20 electrostatic shield (63) and which receives the reflected SH 
shear wave (29) from the butt weld (22) . The pre-amp (58) and 
the transmitter matching network (59) enable the EMAT coils 
(24 and 26) to be operated at distances greater than 100 feet 
from the computer control unit (31) and other electronic 

25 instrumentation which might be used along with the present 
invention. 

While a specific embodiment of the invention has been 
shown and described in detail to illustrate the application of 
the principles of the invention, it will be understood that 
30 the invention may be embodied otherwise without departing from 
such principles* 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . An automated sensor transport system for non- 
5 destructively examining a butt weld used to join two coils of 

sheet metal end-to-end, the system comprising: 

a computer control unit for coordinating the making 

of a weld by a welding apparatus and the examining of the 

weld by the sensor transport system; 
10 a transport apparatus having a first and a second 

electromagnetic acoustic transducer (EMAT) attached to and 

housed within the transport apparatus; 

an edge detection sensor affixed to the transport 

apparatus in proximity of either the first or the second EMAT; 
15 and 

a calibration means for making checks of and 
adjustments to the sensor transport system. 

2. A system according to claim 1, wherein the computer 
control unit is in electrical communication with the welding 

20 apparatus, the transport apparatus and a data acquisition 
unit . 

3. A system according to claim 2, wherein the first 
EMAT produces an ultrasonic SH shear wave which is transmitted 
through an end portion of a first sheet metal coil toward a 

25 butt weld joining the end portion of the first sheet metal 
coil to an end portion of a second sheet metal coil. 

4. A system according to claim 3, wherein the second 
EMAT receives an ultrasonic SH shear wave which is reflected 
from the butt weld and which produces an electrical signal in 

30 the second EMAT, which signal is monitored for an indication 
of a weld defect. 

5. A system according to claim 4, wherein the edge 
detection sensor is in electrical communication with the 
computer control unit for positioning the first EMAT and the 

35 second EMAT in proximity of the butt weld and at an edge of 
the first sheet metal coil and for detecting an opposite edge 
of the first sheet metal coil upon completion of a scan of the 
butt weld, made by moving the first EMAT and the second EMAT 
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across the surface of the first sheet metal coil and parallel 
to the butt weld. 

6. A system according to claim 5, wherein the second 
EMAT has an electrostatic shield for protecting the second 

5 EMAT from electromagnetic interference and radio frequency 
interference . 

7. A system according to claim 6, wherein the first 
EMAT has a diode expander comprised of a plurality of pairs of 
fast switching diodes placed back-to-back and then combined in 

10 parallel and in series to form a diode network. 

8. A system according to claim 7, wherein the first 
EMAT is in electrical communication with an impedance matching 
circuit and the second EMAT is in electrical communication 
with a preamplifier. 

15 9. A system according to claim 8, wherein the first 

EMAT and the second EMAT include an electromagnet which is in 
electrical communication with a magnet pulser which produces 
high current pulses of electrical energy that is used to 
charge the electromagnets. 

20 10. A system according to claim 9, wherein the 

calibration means is a flat, plate-like piece of metal having 
known properties and characteristics. 
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